Patient sex is known to influence the response to general and regional anaesthesia and recovery after surgery. However, most studies come from analyses carried out on middle-aged patients. As most of the patients admitted to the post-anaesthesia recovery room in our institution are elderly, we took the opportunity to investigate the association between sex and incidence of early adverse events in this older population of patients after major surgery. Consecutive patients undergoing general, orthopaedic, urological and gynaecological surgery, admitted to the recovery room of our institution over a 15-month period, were retrospectively studied. The following adverse events were considered in the analysis: shivering, postoperative nausea and vomiting, hypotension and hypertensive responses, new arrhythmias requiring treatment, acute respiratory failure and desaturation. A total of 1347 patients (mean age 73.3±15.1 years, 61.4% women) were included. Women showed a higher incidence of shivering (relative difference +48%, P=0.0003), postoperative nausea and vomiting (+91%, P<0.0001), hypotension (+32%, P=0.044) and desaturation (+60%, P=0.0030) than men. The incidence of hypertensive response, arrhythmias and acute respiratory failure were not statistically significantly different. The findings of this exploratory study suggest that women have a higher risk of early postoperative adverse events even in a more elderly population.
Patient sex is known to influence the response to general and regional anaesthesia and recovery after surgery 1, 2 . Previous studies have showed that women usually emerge faster from general anaesthesia but tend to show a poorer quality of recovery 3, 4 . Moreover, it has been shown that women have a higher risk of adverse events with general anaesthetics than men 5 , with the exception of malignant hyperthermia 6 . Female sex is also one of the most relevant patientrelated risk factors for postoperative nausea and vomiting (PONV), particularly in younger subjects 7 . However, most of these studies come from analyses carried out on middle-aged patients 8, 9 . There is little information on whether patient sex influences the incidence of early postoperative adverse events in elderly patients. As most of the patients admitted to the post-anaesthesia recovery room (RR) in our institution are elderly, we took the opportunity to investigate the association between sex and incidence of early adverse events in this older population of patients after major surgery.
MATERIALS AND METHODS
Ethical approval for this retrospective study was obtained by our hospital ethics committee (approval number: 694/2013/OSS/no-profit). The study population included 1347 consecutive patients (mean age 73.3±15.1 years, 61.4% women) who were admitted to the RR of the S. Maria Annunziata Hospital, Florence, Italy, between 1 January 2011 and 31 March 2012. They had undergone major general, orthopaedic (prosthetic and trauma), urological or gynaecological surgery. These patients represented about 25% of all patients undergoing surgery during the period of study. All other patients undergoing surgery were discharged immediately to a ward bed or to an intensive care unit without admission to the RR.
Our hospital has five active operating theatres. According to in-hospital protocols, the postoperative recovery is either return to the ward, admission to the RR or transfer to the intensive care unit. Admission to the RR is decided by the anaesthetist on the basis of a multi-parametric assessment that takes into account type of surgery (grading one to four), associated comorbidities according to American Society of Anesthesiologists (ASA) classification, emergency surgery and significant intraoperative complications. It is located at the centre of the operating unit and has four beds with multi-parametric monitoring, facilities for invasive and non-invasive ventilation and data connections to the biochemical analysis laboratory and to wards.
The RR is open from Monday to Friday, from 0800 to 1900, with the constant presence of nurses with specific skills in patient recovery and a maximum nurse-patient ratio of 1:4. In agreement with hospital protocols and anaesthetic orders, the nurse has relative therapeutic autonomy for the treatment of pain, PONV, shivering and hypothermia. Furthermore, the nurse routinely compiles the White score 10, 11 , which is used to guide discharge from the RR. The nurse keeps in contact with relatives during the hospital stay and reassesses the patient on the morning after patient's return to the ward. Patients operated on afterhours (from 1900 to 0800) are excluded from admission to the RR.
Preoperative demographic characteristics including age, sex, ASA physical status and details on clinical history and comorbidities were obtained from the pre-anaesthetic evaluation form by chart review and using a dedicated informatic database. Operative data including type of surgery and type of anaesthesia (general, regional or combined) were also collected. Postoperative data included RR duration of stay and occurrence of adverse events within three hours of the end of the surgical procedure. The following events were considered in the analysis: shivering, PONV, hypotension and hypertensive response (defined as mean blood pressure fall or rise >20% in comparison with baseline preoperative values, respectively), new arrhythmias requiring treatment, acute respiratory failure (defined as any condition requiring assisted non-invasive or invasive ventilation) and desaturation (<90% on pulse oximetry and requiring only oxygen). According to previous definitions, shivering was defined as detectable fasciculation or tremor of the face, jaw, head, trunk or extremities 12 ; nausea was defined as any unpleasant sensation with awareness of the urge to vomit; and vomiting was defined as successful or unsuccessful expulsion of gastric contents 13 . PONV was defined as any nausea, vomiting or both occurring during the stay in the RR. Pain was evaluated at admission and discharge using a ten-point Numerical Rating Scale 14 . Body temperature was also assessed at admission and discharge using a tympanic thermometer.
Statistical analysis
Data were expressed as mean for continuous variables and number (percentage) for categorical variables. Sex differences were explored using the Student's t-test for continuous variables and the Pearson's chi-square test or the Fisher exact test for categorical variables. A P <0.05 was considered as statistically significant. All analyses were carried out using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). As no power calculation was undertaken, all findings were considered exploratory. 
RESULTS
The characteristics of the study population are shown in Table 1 . Patients admitted to our RR represented 24.8% of the total number of patients (n=5431) undergoing surgery during the study period. No sex differences in the proportion of patients admitted to the RR were found (women 827/3420, 24.2%; men 520/2011, 25.9%; P=0. 18) . No significant differences in age and gender distribution were found by comparing the study population with the group of patients who returned to the ward or were transferred to the intensive care unit after surgery (P=0.36 and P=0.78, respectively). Table 1 also shows the comparison of baseline characteristics between men and women. Compared to men, women had an apparently lower prevalence of coronary artery disease, chronic kidney disease and possible diabetes mellitus. A higher percentage of women had undergone elective surgery. Women also received a higher percentage of regional anaesthesia, possibly related to the proportion of women undergoing gynaecological surgery (15.6%).
The crude incidences of adverse events in men and women is shown in Figure 1 . Women showed a higher incidence of shivering, PONV, hypotension and desaturation than men, with corresponding relative differences of +48.1% (P=0.0003), +91.1% (P <0.0001), +32.7% (P=0.044) and +60.5% (P=0.0030), respectively. The incidence of hypertensive response, arrhythmias and acute respiratory failure did not show statistically significant sex differences. Matched subgroup comparisons according to ASA physical status, type and grading of surgery and type of anaesthesia also suggested a higher incidence of shivering, PONV, hypotension and desaturation in women than in men (P <0.0001).
DISCUSSION
Sex is known to be an independent factor affecting the risk of adverse events in the postoperative period. Previous studies carried out in standard surgical settings showed that some perioperative sequelae such as shivering and PONV occurred more frequently in women than in men following general anaesthesia, thus leading to an impairment in the quality of recovery 2 . Our results may extend these findings by demonstrating that the female sex might also be associated with a higher incidence of early adverse events in elderly patients (e.g. shivering, PONV, desaturation and hypotension), at least in an RR setting.
On the other hand, caution is needed in interpreting these findings. Our study was carried out in a small RR where each anaesthetist is responsible for his or her own patients and where only about one quarter of patients undergoing surgery are admitted
.
Whether our findings can be extrapolated to the 75% of patients not admitted to our RR is unknown. Moreover, men and women in our population were not similar in relation to several risk factors. This could have affected the incidence of adverse events. Also, there is a possibility that the higher use of regional anaesthesia in women in our study played a role in increasing the incidence of shivering. Regional anaesthesia has been shown to be associated with less intraoperative thermoregulatory impairment but greater and persistent postoperative lower body impairment 16, 17 . An additional mechanism potentially leading to higher risk of shivering in regional anaesthesia may be related to the greater use of opioids in general anaesthesia, although it should also be noted that, in our institution, intrathecal morphine is usually administered with spinal anaesthesia. Opioids have been shown to decrease both the incidence and intensity of shivering, even when administered intrathecally 18, 19 . Several mechanisms could be involved in explaining these findings. Gender-related hormonal differences are known to play a role in determining a higher PONV susceptibility in women than men 20, 21 . Women differ from men in their thermal responses to exogenous and endogenous heat loss during rest and exercise as a result of their larger ratio of body surface to body mass, greater subcutaneous fat content and lower exercise capacity 22, 23 . These factors might have also affected the association between female sex and risk of shivering in our study. Shivering can lead to patient discomfort, and also may lead to higher O 2 consumption
24
. An increased O 2 consumption, along with other slight differences in pulmonary physiology 25 , might explain the higher incidence of desaturation in women when compared to men in our study.
This study has several limitations. One of the main issues is that it was retrospective. Also, we did not assess the distribution of comorbidities in the total population undergoing surgery. This study was not designed to specifically explore elderly patients, and the relatively older mean age of our population reflects the standard population routinely referred to our hospital. Admission to our RR was not decided using a definite risk score. The decision was left to the referring anaesthetist after a comprehensive evaluation based on grading, ASA physical status, elective or urgent surgery and intraoperative complications. It is possible that the lack of precise admission criteria could have played a role in affecting results.
Despite these limitations, the findings of this study may be helpful in the estimation of risk of adverse events in RRs. Although vigilant monitoring is mandatory in all patients admitted to RRs irrespective of patient sex, our findings suggest that nurses should be alerted to give even more attention to the onset of some early events in women. According to our findings, it can be hypothesised that strict preoperative and intraoperative prophylactic measures aimed at minimising the risk of adverse events (e.g. intraoperative warming or pharmacological prophylaxis for PONV and shivering) could be of particular importance in women. However, it should also be pointed out that, since this study was carried out in a postoperative setting and the findings are exploratory, no definitive conclusions can be drawn about the effect of sex on outcomes, let alone the impact of preoperative and intraoperative measures on postoperative outcomes. Nevertheless, our findings support the need for further prospective studies on this issue.
